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XXV. On the Variation of the Temperature of boiling 
IVater. By Sir George Shuckburgh, Baronet, F. R. 
and A. S. and Member of the Academy of Sciences and 
Belles Let ires at hjon. 

R&ad March 11, 1779. 

^ I ^HE heat of boiling water having for forne years been 
•** ufed as one of the terms for graduating the fcale 
of thermometers ; together with the particular attention 
the Society has lately given (^/& the Report of the Com- 
mittee, Phil. Tranf. vol. lxvii.) to this branch of inquiry, 
and I may add the fingular fuccefs with which this age 
and nation has introduced a mathematical precifion, hi- 
therto unheard of, into the conftrudtion of philofophical 
inftruments, will render it unneceflary for me to fay 
more in refpe£t of the following experiments, than lim- 
ply to lay them before the Royal Society. 

That the heat of boiling water was variable, accord- 
ing to the preflure of the atmof})here, feems to have 
been known to Fahrenheit as early as the year 1 724'""^. 

(a) Vide Phil, Tranf, N** 385. wherein is propofed a curious project of de- 
termining the weight of the atmoiphere by means of a thermometer alone, un- 
der the title of " Barometri novi defcriptio.'* 

A few 
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A few years after this, Meffieurs le monnier and cas- 
siNi {Mem. de PAcad. des Sc. pour 1 740) made fome de- 
cisive obfervations, to Ihew that this quantity was very 
cbniiderable. It was left, however^ for Mr. de luc to 
make a much mcare compleat feries of experiments, 
which he has defcribed and reduced into fyftem in his 
Recberches fur la Variation de la Chaleur de VEau bouil-- 
lante. It remained only that thefe ftiould be verified. 
Towards the latter end of the year 1775 I had an oppor- 
tunity of repeating thefe obfervations with a fmall 
pocket thermometer of about fix inches long, made by 
Mr. nAirne; an inftrument, it muft be confeffed, not 
very accurate for fuch an examination, but with which I 
thought, however j I could obferve to within a quarter of 
a degree; my objeda: at that time, amidft a variety of 
other philo&pMcal purfuits, being to aflure myfelf that 
the variation took place, rather than critically to exa- 
jEDine the quantity of it. I jlhairrelate thefe obfervations,. 
aa the refult of them upon my return to England ledi 
i^e to fome more accurate* 
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The fecond column gifes the height of the btrometer 
at the time of obfeiratioa; the fourth, the heat of boil-» 
log water deduced from Mr« bje luc'i rules, cximpared 
with the lowerntoft obfervation, m that undo: the 
greateft preflurej the fixth gives the differ^ic^ between 
the theory and the experiment in the motion of the boil** 
ing point in hundredth parts of the whole fpace de- 
fcribed % from whence it might be concluded, that the 
motion or variation of the boiling point with a given ITa- 
riation in the preflure of the atmoiphere was tIo ^^ tt 

greater 
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greater than by the theory alluded to ^^K But thefe were 
but grofs experiments, and perhaps unworthy of fuch a 
competition. They induced me, however, to make the 
following. In the beginning of laft year (1778) with 
the affiftance of Mr. ramsden, I procured a moll excel- 
lent thermometer, every way adapted for this purpofe. 
It was about fourteen inches long, but the interval 
between freezing and boiling only 8| inches ^^'^, and 
though every degree was fomething lefs than the 
^th of an inch, yet, by means of a femi-tranfparent piece 
of ivory, which applied itfelf elofe behind the glafs 
tube. Aiding up and down in a groove cut in the brafs 
fcale for that purpofe, carrying a hair-line divifion, at 
the extremity of which was a vernier dividing each de- 

(b)T\\Q fame inftrument immerfed in fnow juft melting at the top of Mount 
Ccnis fell to 33% the point of freezing obferved at the level of the fea. 

(c) It may poflibly be fuggefted, that if this internal had been greater, W«. 
20, 30, or 40 inches, t fliould have had a much larger fcale and more conve- 
nient inftrument j but in this, as in moft other mechanical contrivances, our 
prc^refs beyond certain limits is prevented; for if the perpendicular height of 
the column of quickfilver be much increafed, the weight of it will be fuch as 
to dirtcnd the ball, and the inftrument may differ from itfelf in a vertical and 
horizontal jx>(ition»by half a degree, as I have feen in a tube only fifteen inches 
long; and if this circumftance be endeavoured to be corre^led by making the 
bulb of the thermometer thicker, its fenfibility will be proportionably dimi- 
nifhed. If my experience were to lead roe to conclude any thing, 1 fhould 
conilder a tube of a foot long as a maximum^ and the bore of fuch a diameter 
as to admit a ball of a quarter or one fifth of an inch, 

Vo h* LXIX* C c c gree 
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gree into ten; with, moreover, a^ lens of an inclx focus; 
this apparatus being made Eaoveable firft by the hand> 
and more deUcately by means of a micrometei^ fcrew,- 
whofe head was divided into twenty-five diviiions, each 
equal to the fortieth of a degree (for fo truly cylindrical 
was the tube, which had ht^n with care exprefsly fe- 
le<5ted from a great quantity of glafs,' that thedivifions in 
the neighbourhood of the freezing point did not differ 
from thofe near the boiling point by fo much as -'^th of 
a degree, and this variation appeared in bther parts of 
the tube ftri^ly iinifor m^ as was found by breaking the 
tolumn of mercury); by ineans I fay of this appara-* 
tus I was enabled to read off any heightbf the thermo- 
meter to within ^th of a degree. The veffel, m which 
the water was boiled, which was always fpring water, 
was a cylindrical tin pot, 13 inches high and 4^ inches- 
wide, with a top fomething refembling that defcribed in 
Mr. DE lug's work, contrived to carry off the fteam with- 
out incommoding the obferver, with a wafte pipe for the 
fuperfluous water in boilings which might otherwife fall 
upon the fire and extinguifti it. The ball of the ther- 
mometer was immerfed to within %j inches of the bot- 
tom of the veffel, and lOj inches below the furface of 
the water, fO that as near as might be the whole column 
of mercury was expofed to the heat of boiling water, 

there 
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there being only i^"" cm^ 20° of <the Icale, equal about 

-i- part rifing out of the water expofed to the tempera- 

ture of the fteam, which in one or two experiments was 
found to be 180° or 190% fo that the corre<5lion for this 
defed of heat would only amount to a very few hun- 
dredths of a degree, perhaps about ^04 or 05, which, as 
the inftrument was expofed to the fame circumftances as 
near as might be in all the obfervations, I have taken no 
notice of* I thought it neceffary to fay thus much re* 
fpe(5ting the preciiion of the inftrument and the appara- 
tus, and Ihall now relate the obfervations at length. 
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Table of obfervatiom confinueA 
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The mtimbers in the fifth column are the correcT^ed 
heights of the biarom^ter reduced to one and the fame 
temperature, t^/^t 50'', which was neceflary in order to 
have the true pi"oporrtlon of the prefTure of the atmo4 
fphere, whofe influence feems to have £0 confi(|erable a 

(J) This is the greateft height of the barometer that I have ever known, ^nd^ 
as far as T have been able to coIle£l the higheft point, that it has ever been leen 
4:0 fland at in any country where obfervations have been made and recorded, 
:€mc^ the iirft invention of this ingenious inftrument. 

fliare 



thafje iii the heat oi boiling water* Column the ilxth 
fltewi the height th^^^thei^toometer flood at in water boil-- 
tng very faft in decrees and 4oths of a degree; where it 
trill be fee% that the obfervation was repeated, as the 
liai^t% gmij of every feparate trials which is, perhaps, the 
belt'critejridij of the confidence that is to be placed in the 
jneanrefult, fliewn in column the feventh exprefled in 
litindridths of a degree. 

Hatting c^ltewled this feries of experiments, I 'wa$ 
a^io^ to fee how far they cowefponded wtth Mn d£ 
xtld*$t4tidtipon comparifon of N* !• andN^ 1 5. 1'found 

that the decreafe of the boiling heat was '-^greater than 

the rules admitted of from an alteration of the ptefibre 
of the atmofphere of \\ inches* This differenGe led m^ 
intai an ex^nainatipn of all my obferTations, to fee how 
far ihey were confiftent with themfelves j how far they 
difagreed from Ml"vi>iK x-^^c'sf and, laftly^ what general 
c^clufiQ^ m%ht be drawn 

tPo ^xfFcad in fome meafure, or at leaft correct, the er- 
rors of obfervation, the mean of W i. and W 1. the 
mean of Isi^ o, and N^ 7. and of N^ 14. and N^ 15. was 
tafeit inftead of either obfervation fepar^dy; the firft 
and third of thefe means as two extreme terms, and the 
fecond as an intermediate one: with thefe it was very 
^f by interpolation or proportion to deduce any other 

C € c 4 inter- 



372^ Sir GEOHGi SHifCKBURGH OH the Variation 
intermediate term, and confeqtiently from the mean 
of fix to examine all the fifteen obfervations. Thus, on 
a comparifon of W i» and a. with N** 14, and 15. the 
mean motion of the boiling point in that interval for one 
inch of the barometer {viz. when the mercury Hands 
at 28,886 inches) is = i%743; according to Mr. i^-^ 
Lue this is i%65^ By a fimilar comparifon of N*" i.. and 
2. with N*' 6. and 7. the mean motion of the boiling 
point ia that interval {n)iz. at 27,908 inches) for one 
inch is =:^ i%779; by Mr. de liuc = i'*,73. And,laftly^ 
comparing the mean of N*' 6. and 7* with the mean of 
W 14. and 15;, the mean motion of the boiling point in 
this interval (c^/js. at 29,925 inches) for one inch is = 
1^709; by Mr. DE LUC =. i%59. Itfiiould follow then, 
that, within the limits of my experiments, the alteration 
or motion of the boiling point is greater ^'^ by ~ than 

from that gentleman^s obfervations, that the heat of 

•■*,■ 
boiling water is- not diredly in the fimple ratio of the 

height of the barometer, nor yet is the progrelKon lo 

rapid as Mr. de luc obferved it. It may be fomewhat 

fatisfa(Slory to fee the obfervations collated and compared. 

{e) It is tme, that my obfervations in Savoy give this difference +xrtIiofcof 
Mr, LE MONNiER equal +/, (Vide Ruber chei fur i' At, §964.); and thongli, 
perhaps, neither tlie one nor the atht;r are imirely unexceptionable, they tentf j 
however, fomething to confirm, altliough alone they may be unable whoUy 
t© fupport, fuch a iuppofition. 
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I fliall make no dedu<Slions from this cdmparifon, but 
leave them to the leifure of the reader. It will, how- 
ever, probably be inquired, how the thermometer came 
to ftand at 213*^ in boiling water, when the barometer 
was about 30 inches, aia"" being the degree by which 
that heat is exprefled on Fahrenheit's fcale? The an- 
fwer is eafy : it was an error in the making of the inftru- 
ment, and, I believe, a pretty general one. There was 

Vol. I^XIX. Ddd alfo 
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alfo a Similar error of fomething more than one quarter 
of SI degree in laying down the freezing point fo that the 
fundamental interval between freezing and boiling, 
when the barom^ster ftatids at 29,8 inches (the mean 
height at London) was 1 8o'',7 1 inftead of 180''; by this 
means each divifion was in fadt -^^th part lefs than a de- 
gree: this fmall corre<5tion may therefore eafily be ap- 
plied, if thought neceflary, but I have taken no notice 
of it. 

I will now add a general table for the ufe of artifts in 
making this inftrument, both according to my own 
obfervations, and thofe of Mr. de luc, that the pre- 
ference raay be given as it Ihall be thought due; not 
that it is a matter of any great confequence which is 
made ufe of under fmall variations of the atmolphere; 
but even under thefe circumftances, I flatter myfelf, that 
the object of this paper will be fufficiently obvious to 
all who wilh to verify a new theory, or aim at accuracy 
in thefe days of precifion. 
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